Background: Computed tomography scans (CT scan) and X-rays are used to diagnose paediatric maxillary sinusitis. This study aimed at exploring the diagnostic value of the conventional and colour Doppler ultrasounds and their specific findings in cases of paediatric sinusitis.
Introduction
Rhinosinusitis (inflammation of the mucosa of the nasal cavity and the sinuses at the same time) is a common disease in children (1, 2) . It usually results from a complication of viral infection of the upper respiratory tract or from an allergic inflammation (3, 4) . The signs and symptoms of this disease in children are nonspecific and include cough, fever, headache, rhinorrhoea, post-nasal drip, and nasal congestion (5, 6) . Paediatric rhinosinusitis is diagnosed by 3 methods: the clinical method, nasal endoscopy, and imaging (7) (8) (9) .
Radiography has been used in the diagnosis of sinusitis. Sinus opacification, air-fluid level, and increased mucus thickness are considered to be positive radiological evidences of sinusitis. Various studies have shown moderate sensitivity and specificity of X-rays in diagnosing sinusitis in children and have also noted that the inability of radiography to differentiate among inflammation, infection, and tumour is an important problem in this diagnostic modality (10) (11) (12) .
CT scan has been introduced as the gold standard in checking sinuses; however, considering the high levels of radiation received by the patients, this diagnostic method should only be used in special circumstances (13) .
Ultrasonography is fast, safe, inexpensive, and a readily- 2 available diagnostic method for the evaluation of maxillary sinus (14) . A few studies have been conducted in the field of ultrasound and its value in the diagnosis of paediatric sinusitis. Nonetheless, the results achieved from such studies are heterogeneous.
______________________________
On the other hand, using colour Doppler ultrasound in the case of sinus infection has been suggested for sinusitis maxillary diagnosis. Based on previous studies, it can be concluded that the sound stream can be produced in the nonsuppurative sinus secretions, but not in purulent mucous secretions due to their high viscosity. Unlike nonpurulent sinusitis in purulent sinusitis, the colour Doppler ultrasound also shows increased blood flow. Accordingly, the purulent secretions are distinguishable from the sinus serous secretions (15, 16) .
Sinusitis is an inflammatory process and inflammation has been associated with increased blood flow (17) . Thus, it can be hypothesized that at the time of sinusitis, the arteries carrying blood into the sinuses increase blood flow velocity and diameter to increase the blood flow to the sinuses.
This study was conducted to evaluate the diagnostic value of ultrasounds for paediatric maxillary sinusitis and to introduce new colour Doppler ultrasound findings (Ghasemi signs) for these patients.
Methods
This study was conducted at a teaching hospital in Sari, Iran, during 2014 and 2015. The study was approved by the ethics committee of the University. After a full explanation of the project and obtaining informed consent from the parents, 60 children were enrolled in the study. Inclusion criteria were as follow: age 4 to 17 years, and having symptoms suggesting rhinosinusitis (cough, fever, headache, rhinorrhoea, post-nasal drip, and nasal congestion).
At first, the sinus CT scan was taken as the gold standard and was evaluated by one radiologist, who was blind to the study. If the evidence of sinusitis, including fluid collection or mucosal thickening, was seen in at least one of the maxillary sinuses, the child was then diagnosed with sinusitis and included in the study. On the same day, sinus ultrasounds were done on the children by another radiologist, who did not know the result of the CT scans. Two radiologists performed the sinus ultrasounds.
A Samsung Medison SonoAce X8 machine, with 5-7MHz frequency curve linear sector probe, was used for the ultrasound. The ultrasounds were done with children in sitting position, while their hands were on both sides and their head was semi-extended. The ultrasonographic images were taken from the lateral nasal section on the sides below the orbital section by sweeping to the lateral and lower parts of the face to find the sinuses.
Color Doppler ultrasound
The superior anterior alveolar artery, ie, the maxillary artery branch, supplies the maxillary sinus blood (18) . Since measuring the diameter of the subdirectories in living human beings is difficult due to the narrow and sometimes indepth tissue, this study investigated the changes in the diameter of the maxillary artery just before it split into subbranches in the anterolateral wall of the maxillary sinus. To the best of our knowledge, to date, no study has been conducted on the diameter of the artery in children. In this study, the diameter of the artery in 20 healthy children was measured, and diameter of less than 2 mm was considered as normal.
Another investigated parameter was resistive index (RI) of arteries, which was calculated by the colour Doppler ultrasound in normal and involved sinuses.
RI= (peak systolic flow velocity − end-diastolic flow velocity /peak systolic flow velocity).
The symptoms that indicated an increased blood flow and were interpreted as positive findings in the colour Doppler ultrasonography were referred to as Ghasemi signs in this study. Such symptoms included unilateral artery bumps on the front artery, reduction of RI to less than 0.5, and an increase of more than 2 mm in the diameter of the front artery in patients with bilateral involvement. The presence of at least one of these findings was interpreted as increased blood flow in the colour Doppler ultrasonography.
Statistical analysis
Data were collected and entered into the IBM SPSS 20 software. Chi square test was used to analyse the qualitative data, while t test was used to analyse the quantitative variables.
The total results of the CT scans (as the gold standard method) were compared with those of the ultrasound. Sensitivity, specificity, positive and negative predictive value, and accuracy were calculated according to the available formulae.
On the other hand, the kappa coefficient test was used to determine compliance and agreement between the ultrasound and CT scan in this investigation. Fleiss had proposed the following categories for the strength of agreement for the kappa coefficient: kappas over 0.75 as excellent, 0.40 to 0.75 as fair to good, and below 0.40 as poor (19) .
Also, considering the possibility of bone thickness, the results were analysed for 3 separate age groups of 4 to 8 years, 9 to 12 years, and 13 to 17 years.
Results
The CT scan of sinuses was performed for 73 children with symptoms of sinusitis. Out of the 73 children, 60 with the evidence of fluid collection or mucosal thickening in at least one of the right or left maxillary sinuses were included. The patient flow diagram is presented in Fig. 1 . Of the 60 children, 34 were male and 26 female. The mean±SD age was 8.25±4.08 years. The ultrasound of the maxillary sinuses was done on the same day (total 120 maxillary sinuses). No adverse effects were seen in children after performing ultrasound or CT scan. Based on the results of the CT scans, among the 120 maxillary sinuses of the 60 children examined in this study, 94 maxillary sinuses had sinusitis and 26 were normal On the other hand, the colour Doppler ultrasound showed 84 instances of increased blood flow or increased diameter of the artery on the affected side, compared to the normal side of maxillary sinuses, and yet had excellent agreement with the CT scan (K= 0.784 and p< 0.001). The normal and abnormal diameters of the artery found in the colour Doppler ultrasounds are demonstrated in Fig. 2 . Table 1 shows sensitivity, specificity, positive predictive value, negative predictive value, and accuracy of the conventional ultrasound and the Doppler ultrasound for the diagnosis of sinusitis. The diameters of maxillary artery in the normal maxillary sinuses and in sinusitis-affected ones were found to be 1.7 mm (1.6-1.9, 95% CI) and 2.4 mm (2.1-2.6, 95% CI), respectively (p< 0.001).
The RI in normal and involved maxillary sinuses were measured and compared. The RI in the affected sinuses was 0.47 (0.45-0.49, 95% CI), while RI was 0.58 (0.54-0.61, 95% CI) in the normal sinuses, (p< 0.001).
To investigate the possible effects of bone thickness and 
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other age-related factors, we analysed the results in 3 separate age groups of 4 to 8 years, 9 to 12 years, and 13 to 17 years. The results indicated that both the colour Doppler and the conventional ultrasound achieved more accurate results at older ages ( Table 2 ).
Discussion
The findings of this study revealed that conventional ultrasound has a good agreement with the CT scan for the diagnosis of paediatric maxillary sinusitis. If the colour Doppler ultrasound is used, the diagnostic value of this modality will be improved.
Sinusitis is a common paediatric infectious problem. Various diagnostic modalities, such as X-ray, ultrasound, CT scan, and MRI, have been suggested, as the symptoms of sinusitis in children are usually nonspecific (8, 20) . Few studies have been conducted on the diagnostic value of ultrasounds in identifying sinusitis in children. The present study investigated the diagnostic accuracy of both the conventional ultrasound and colour Doppler ultrasound for the diagnosis of sinusitis in children, compared to the CT scan, which is considered as the gold standard. The findings of this study showed that the conventional ultrasound has a sensitivity of 73.4%, specificity of 100%, positive predictive value of 100%, and negative predictive value of 50.98% in the diagnosis of sinusitis in children, when compared with CT scan.
When colour Doppler ultrasound was done, it was observed that sensitivity, specificity, and positive and negative predictive values increased, and the values were 89.36%, 100%, 100%, and 70.58%, respectively. The new points considered in this study were the positive findings of the Doppler ultrasound, which indicated an increase in arterial blood flow velocity, an increase in the diameter of the artery, and a reduced RI in affected sinus, which together were termed as Ghasemi signs.
In a study conducted by Mori et al. on 18 children, ultrasound was compared with CT scan of the sinus for the diagnosis of sinusitis. The sensitivity, specificity, and positive and negative predictive values of ultrasound were 92.6%, 100%, 100%, and 81.8%, respectively. The authors noted that the diagnostic value of ultrasound for the diagnosis of sinusitis in children is higher than that of the simple X-ray (21) .
In 1998, Lichtenstein investigated 100 maxillary sinuses in 50 adult patients in the intensive care unit (ICU); then, he compared the results of the sinus ultrasound (complete, incomplete, and absent sinusogram) with the X-ray and CT scan. He found that the findings of the sinusogram were consistent with those of the CT scan and he presented ultrasound as the first diagnostic tool for sinusitis (22) .
Fufezan et al. conducted a study on 67 children to compare the diagnostic values of the X-ray and ultrasound for the diagnosis of maxillary sinusitis. They considered fluid collection and sinus thickening as ultrasound positive findings. Compared with the standard X-ray, ultrasound showed a sensitivity of 94.9% and specificity of 98.4%. The authors concluded that although ultrasound is not an appropriate technique in diagnosing the thickening of mucosa in paediatric maxillary sinusitis, it is still applicable for confirming fluid collection in the maxillary sinus. The ultrasound findings in this study were compared with X-ray rather than with a CT scan as the gold standard (23) .
To the best of our knowledge, to date, no study has been conducted to show the value of the colour Doppler for the diagnosis of paediatric sinusitis. In 2 studies, colour Doppler was found to be valuable in diagnosing and differentiating between purulent maxillary sinusitis and nonpurulent ones. These studies indicated that the presence of dispersed particles due to the maxillary sinus infection can be diagnosed by returning Doppler waves (15, 16 ).
In the current study, RI was considered in paediatric sinusitis for the first time. In a few studies, RI was introduced as an indication of local congestion. RI= 0.6 (0.5-0.7) in the test was normal. Dudea et al. demonstrated that this amount is reduced to less than 0.5 in orchitis (17) .
In 2 other studies with transcranial Doppler ultrasound, it has been shown that RI is reduced in times of intracranial hyperaemia (24, 25) . The results of these studies are consistent with those of the present study. In our study, the RI of the affected sinuses was less than 0.5 and was significantly lower than that of the normal sinuses. Given that no studies have been conducted on the diagnostic value of the colour Doppler ultrasound for paediatric sinusitis, it seems that there should be more studies on the merits of this noninvasive procedure.
The sample size was relatively small in this study. We introduced the new sonographic findings as Ghasemi signs for the first time in the diagnosis of paediatric sinusitis. However, each sign must be checked for different age groups and sexes under different test conditions in a larger sample size. Also, we did not have any information about the acute or chronic clinical status of the patients.
On the other hand, we could not design the study to be 
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fully blind to the investigators, and this might have been a source of potential bias.
Conclusion
The findings of this study demonstrated that the conventional ultrasound has a good agreement with CT scan as the gold standard in the diagnosis of paediatric maxillary sinusitis. If colour Doppler is added and the specific findings presented in this study (Ghasemi signs) are considered, the diagnostic value of this modality will be improved.
